The complete mitochondrial genome of Nanorana pleskei from the Qinghai-Tibet Plateau was sequenced. It includes 17,660 base pairs, containing 13 protein-coding genes, two rRNAs and 23 tRNAs. A tandem duplication of tRNA Met gene was found in this mitochondrial genome, and the similarity between the two tRNA Met genes is 85.8%, being the highest in amphibian mitochondrial genomes sequenced thus far. Based on gene organization, 24 types were found from 145 amphibian mitochondrial genomes. Type 1 was present in 108 species, type 11 in 11 species, types 5, 16, 17, and 20 each in two species, and the others each present in one species. Fifteen types were found in Anura, being the most diversity in three orders of the Lissamphibia. Our phylogenetic results using 11 protein-coding gene sequences of 145 amphibian mitochondrial genomes strongly support the monophyly of the Lissamphibia, as well as its three orders, the Gymnophiona, Caudata, and Anura, among which the relationships were ((Gymnophiona (Caudata, Anura)). Based on the phylogenetic trees, type 1 was recognized as the ancestral type for amphibians, and type 11 was the synapomorphic type for the Neobatrachia. 
The mitochondrial genome of vertebrates is a closed circular molecule that is generally 16 kb in size (varying from 15 kb to 21 kb). Vertebrate mitochondrial genomes usually encode 13 protein-coding genes, two rRNA genes, 22 tRNA genes, the control region (CR) that contains information for regulating and initiating mtDNA replication and transcription, and a short non-coding sequence referred to as the "light-strand replication origin" (OL) (Pereira, 2000) . The arrangement of genes in the mitochondrial genome is conserved among vertebrates, with genes and the CR being organized in relatively the same order (Anderson et al., 1981; Roe et al., 1985; Desjardins and Morais, 1990; Wolstenholme, 1992; Boore, 1999; Tzeng et al., 1992; Inoue et al., 2003) . However, gene rearrangement, pseudogenes, duplications and deletions of genes in the mitochondrial genome are increasingly being detected as research progresses Mindell et al., 1998; Miya et al., 2001; Kumazawa and Endo, 2004; Kurabayashi et al., 2010) .
As at December 6 2010 there were 97 species of amphibians for which the complete mitochondrial genome is available, and 47 species for which the mitochondrial genome is sequenced with little gaps (San Mauro et al., 2004a; Mueller et al., 2004; Kurabayashi et al., 2010; Zhang and Wake, 2009a; Zhang et al., 2005 (Sumida et al., 2001; Cao et al., 2006; Arnason et al., 2004) . Rearrangement of the ND5 gene has been found in Euphlyctis hexadactylus (Alam et al., 2010) , Hoplobatrachus tigerinus (Alam et al., 2010) and Fejervarya of Dicroglossidae, the Mantellidae (Kurabayashi et al., 2006) and Rhacophoridae (Sano et al., 2005) . Two tRNA Met genes have been reported in the Dicroglossidae Ren et al., 2009; Zhang et al., 2009; Zhou et al., 2009) and Mantella of the Mantellidae (Kurabayashi et al., 2006) . In addition, five species, Euphlyctis hexadactylus (Alam et al., 2010) , Hoplobatrachus tigerinus (Alam et al., 2010) , Rhacophorus schlegelii (Sano et al., 2005) , Mantella madagascariensis (Kurabayashi et al., 2006) and Aneides hardii (Mueller et al., 2004) , possess duplicated CR, and Polypedates megacephalus has lost the ATP8 and ND5 genes (Zhang et al., 2005) . Because of its high abundance in cells, fast mutation rate, maternal inheritance and limited recombination (Curole and Kocher, 1999; Zardoya and Meyer, 2000; Saccone et al., 1999) , mtDNA has been widely used in studies of the phylogenetics and phylogeography of various taxa. Variations such as gene rearrangements, genetic code changes, simplification of tRNA and rRNA structures, peculiar mechanisms of replication and transcription, and base compositional bias, have occurred in a lineage-specific manner and are expected to lead to new findings (Pereira, 2000; Gissi et al., 2006; Kurabayashi et al., 2010 ). It's worthy to research phylogenetic meaning of these variations.
The genus Nanorana includes N. pleskei, N. parkeri and N. ventrapunctatus and is native to the Qinghai-Tibet Plateau at altitudes of 3,000 to 4,500 m (Fei et al., 2005 (Fei et al., , 2009 Chen et al., 2005) . Nanorana pleskei is the type species of this genus and distributed in the eastern Qinghai-Tibet Plateau (Fei et al., 2009) . Complete sequencing of the mtDNA in this species may provide insight into the genetic foundation for its acclimatization to the high altitude environment and the phylogenetic status and intraspecific relationships within this group (Roelants et al. 2004; Jiang and Zhou 2001; Che et al. 2009 ).
We sequenced the complete mitochondrial genome of Nanorana pleskei and summarized the structural variations that have been found in the 145 amphibian mitochondrial genomes reported thus far. We reconstructed the phylogenetic relationships of amphibians using the concatenated sequences of 11 protein-coding genes from 145 amphibian mitochondrial genomes, on the basis of which the evolutionary characteristics of the mitochondrial genomes in amphibians were evaluated.
Materials and Methods

Sampling and experiment
A sample from Nanorana pleskei (Voucher Number CIB20080515-1) was obtained from Shiqu, Sichuan, China (N32°30.116', E98°23.932'; 4,280 m above sea level). The mitochondrial genome was extracted from fresh liver and muscle according to the protocol of Xia et al (2002) and Zhang et al. (2000) . The isolated mtDNA genome was used for PCR amplification.
We amplified overlapping fragments that covered the entire mitochondrial genome of Nanorana pleskei using PCR and cloning methods. Eleven overlapping fragments were amplified using 18 newly designed primers (Table 1) , one pair of primers in the 12S rRNA gene (Kocher et al., 1989) and one pair of primers in the 16S rRNA gene (Simon et al., 1994) . Of the designed primers, ten primers (Table 1) were designed based on the alignment of the complete mtDNA sequences of eight species, Rana nigromaculata (Sumida et al., 2001) , Fejervarya limnocharis , Limnonectes fujianensis (NC_007440), Rhacophorus schlegelii (Sano et al., 2005) , Microhyla heymonsi (AY458596), Andrias davidianus (Zhang et al., 2003a) , Buergeria buergeri (San Mauro et al., 2004a) , and Xenopus laevis (Roe et al. 1985) . The other primers (Table 1) were designed according sequences obtained using the first ten primers.
PCR amplification reactions were run in 30 µl volumes containing 10-100 ng of template DNA, 3 µl 10× reaction buffer, 2 µl 25 mmol/L MgCl 2 , 2 µl 2 mmol/L dNTPs, 1 µl 10 µmol/L each primer, 1 U Taq DNA polymerase, and sterile double distilled water to a final volume of 30 µl. Amplification was performed using a PTC-200 thermocycler with the following conditions: initial denaturation at 95°C for 4 min followed by 35 cycles of: denaturation at 95°C for 40 s, annealing at 50-55°C for 40 s for sequences <2,000 bp or for 60 s for sequences >2,000 bp, and extension at 68°C for 3 min for sequences <2,000 bp or for 7 min for sequences >2,000 bp , with a final extension at 68°C for 10 min. Negative controls were run for all amplifications. The annealing temperature varied from 50-55°C to optimize the quality of PCR products as necessary. Amplification products were examined on 1.0% agarose gels, stained with ethidium bromide and photographed under ultraviolet light. PCR products were purified using Gel Extract Purification Kits (V-gene). Purified PCR products were directly sequenced on an automated DNA sequencer (Applied Biosystems, 3730). The sequences obtained from each sequencing reaction averaged 600 bp in length, and each sequence overlapped the next contig by 50-100 bp. The segment of 1,280 bp including part of D-loop, tRNA Leu (CUN) and tRNA Thr genes was cloned and sequenced.
Sequence analyses
Nucleotide sequences were analyzed with Lasergene version 5.0.1 (Nystuen, 2001) . The protein-coding, tRNA and two rRNA genes were sequenced by comparison with homologous sequences of the above eight species. The tRNA genes were also identified by their cloverleaf secondary structure and anti-codon sequences, which were inferred using tRNAscan-SE 1.21 (Schattner et al., 2005) . The complete mitochondrial genome sequence of Nanorana pleskei reported was deposited in GenBank under the accession number (HQ324232).
Amphibian mitochondrial genome types
We downloaded 97 complete mitochondrial genomes and 47 partial mitochondrial genomes of amphibians that had been deposited in GenBank before December 6, 2010 (Appendix). We compared and analyzed the mtDNA of these species, together with that of Nanorana pleskei, with respect to length and gene organization, based on which, mitochondrial genome types were defined.
Phylogenetic analyses
We investigated the phylogenetic relationships of these amphibians based on the concatenated sequences of 11 mitochondrial protein-coding genes from the 145 amphibian mitochondrial genomes sequenced thus far. Considering the lack of ATP8 and ND5 genes in Polypedates megacephalus mitochondrial genome (Zhang et al., 2005) , we excluded these two genes in the phylogenetic analyses. Two fishes (Latimeria chalumnae and Protopterus dolloi) were selected as outgroups based on Zhang and Wake (2009a) , and their complete mitochondrial genomes were also downloaded for phylogenetic analyses.
To avoid artificial bias in refining alignments, we used Gblocks (Castresana, 2000) to extract regions of defined sequence conservation from these 11 protein-coding gene alignments. The parameter settings used in Gblock are: minimum number of sequences for a conserved position 22; minimum number of sequences for a flanking position 35; maximum number of contiguous nonconserved positions 8; minimum length of a block 5; gaps allowed. Finally, a DNA dataset combining all 11 Gblock-refined alignments was generated. Maximum parsimony (MP) and maximum likelihood (ML) methods were used to reconstruct the phylogenetic relationships. The MP analyses, implemented in PAUP 4.0b10 (Sworfford, 2002) , involved heuristic searches of 1000 random-addition replicates using tree bisection-reconnection (TBR) branch swapping with characters being unordered and equally weighted and gaps treated as missing data. The GTR+I+G model was selected as the best-fit model for the datasets by likelihood ratio tests implemented in jModeltest 0.1.1 (Posada, 2008) under the corrected Akaike information criterion (AICc; Hurvich and Tsai, 1989) . Using the parameter values provided by jModeltest, ML analyses were implemented in PhyML version 3.0 (Guindon and Gascuel, 2003) with the default tree search settings. To assess the branch supports (bs) in the MP and ML trees, we used non-parametric bootstrapping with heuristic searches of 1,000 replicates in both the MP and ML analyses (Felsenstein, 1985; Felsenstein and Kishino, 1993; Hedges, 1992) . Tree topologies with bootstrap values 70% or greater were regarded as sufficiently resolved (Huelsenbeck and Hillis, 1993) , and those between 50% and 70% as weakly supported.
Results
Nanorana pleskei mitochondrial genome 2.1.1 Genome organization
The complete mitochondrial genome sequence of Nanorana pleskei is 17,660 bp in length, containing 13 protein-coding, two rRNA, and 23 tRNA genes, as well as non-coding regions that include the CR, OL and nucleotides separating different genes. The gene arrangement of N. pleskei is shown in Figure 1 . There are 29 genes encoded on the heavy strand and nine genes on the light strand. Gene locations are given in Table 2 . The base composition of the light strand is A: 28%, C: 26%, G: 15% and T: 30%. In comparison to the mtDNA sequences typical of vertebrates, a tandem duplication of the tRNA Met gene and a rearrangement of the tRNA Thr (T), tRNA Pro (P), and tRNA Leu (CUN) (L2) genes were found ( Fig. 1) . 
Non-coding regions
The OL comprising 30 nucleotides (TACTTCTCCC GGTTATGGAAAAAACGGGAG) in total is located between the tRNA Asn and tRNA Cys genes (Table 2) , and it could be folded into a hairpin and loop structure, as 14 bases at both ends form a palindrome, and the remaining 13 bases form a loop containing nine consecutive cytosines. Moreover, three bases at the 3' end of the motif are also shared by the tRNA Cys gene. (Fig. 2 ).
In addition, two differences (C-T and A-G) were found in the anti-codon loop between two genes. These two genes bear uniform anti-codons and have a similar cloverleaf-shaped conformation.
Characteristics of Amphibia mitochondrial genomes 2.2.1 Mitochondrial genome type
Twenty-four mitochondrial genome types were identified based on gene organizations for 145 amphibian mitochondrial genomes ( Fig. 3; Appendix) . The type 1 is the typical type of the amphibian mitochondrial genomes, being present in 108 species; the type 11 is the second, characterizing 11 species belonging to the Neobatrachia (Figs. 4, 5) ; the types 5, 16, 17, and 20 are each present in two species; and the other types are each present in only one species (Appendix). The Nanorana pleskei mitochondrial genome belongs to the type 20, as does Quasipaa spinosa (Appendix).
Excluding the type 1, there is no type commonly possessed by any two orders of Amphibia (Table 3) . There are 15 types from 37 species in the Anura having the highest diversity on mitochondrial genome types among the three orders so far, though the number of genera and species of this order, for which the mitochondrial genomes have been sequenced, is less than that in the Caudata (Table 3) . Within the Anura, an unexpected high diversity on mitochondrial genome types was found in the Ranoidea, in which the types 12 to 24 were found in 17 species (Figs. 4, 5 ). There are nine types from 95 species in the Caudata, seven of which are found in 22 species of the Plethodontidae, but only type 1 was found in 37 species of Salamandridae, and type 10 was in 20 species of the Hynobiidae (Figs. 4, 5) .
Gene rearrangement
Among amphibian mitochondrial genomes, some gene clusters and their location and arrangement are conserved (E.g F-12S-V-16S-L1, ND1-I, Q-M and COX1~S2) (Fig. 3) . Compared with type 1, gene positions changed frequently in other types of the mitochondrial genomes. The frequency of translocation, deletion, and duplication of tRNA genes is far higher than that of other kinds of genes (Table 4 ). The organizational changes of the protein-coding genes are mainly translocations; there is a tandem duplication of the ND5 gene in Hoplobatrachus tigerinus and a pseudo ND5 gene in Euphlyctis hexadactylus ( Fig. 3; Appendix) ; and the protein-coding ATP8 and ND5 genes were found to be deleted only in Polypedates megacephalus ( Fig. 3 ; Appendix). There are eleven species presenting translocations of the protein-coding genes, while there are 35 species presenting tRNA gene translocations, especially of tRNA Leu (CUN) , tRNA 
Mitochondrial genome size
Of the 98 amphibian species having complete mitochondrial genomes, Gegeneophis ramaswamii (Gymnophiona) has the smallest mitochondrial genome size of 15,897 bp, and Ensatina eschscholtzii (Caudata) has the largest mitochondrial genome size of 22,816 bp. The size of the mitochondrial genomes of all species in the Gymnophiona are less than 18,000 bp, and most of them are 15,000-16,000 bp. The size of the genomes of all species in the Caudata and Anura are more than 16,000 bp, and the mitochondrial genome sizes of the species in the Caudata exhibit the largest range of variation, though most of them are within 16,000-17,000 bp, while most of the Anura fall within 17,000-18,000 bp. 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 12, 24, 37 Type number refers to Fig. 3 . 
Gene change t-Tyr t-Glu t-Cys t-Leu (UUR) t-Ala t-Ile t-His t-Phe t-ser1 t-ser2
Translocation. 
Phylogenetic relationships of amphibians
The mtDNA dataset of the 147 species combining 11 protein-coding gene sequences contains 8042 nucleotides, including 5,780 variable sites and 5,159 parsimony-informative sites. The MP analyses yielded only one maximally parsimonious tree (Fig. 4) , with a length of 136,836 (CI = 0.0900, RI = 0.4609). The ML analysis under the GTR+G+I model produced a topology (Fig. 5 ) with ln L = -504,903.1153 [gamma shape parameter with four discrete rate categories (G) = 0.92; proportion of invariable sites (I) = 0.33].
The MP tree was mainly identical in topology to the ML tree, but with some differences in unstable lineages (Figs. 4, 5) , most of the differences presenting in the Gymnophiona. The monophyly of the Amphibia was strongly supported in all trees (MP/ML: bs = 92/100), which included three major clades corresponding to the three orders Gymnophiona, Caudata and Anura, each of them was well supported as monophyly in all trees (bs > 80). The relationship (Gymnophiona (Caudata, Anura)) was supported in all trees (bs = 61/77). In the Gymnophiona, the relationships among families were different between the MP and ML trees (Figs. 4, 5): MP tree (Fig. 4) showed that the Rhinatrematidae was sister to Typhionectidae (bs = 89) and Ichthyophlidae sister to Caeciliidae (bs = 95), but ML tree showed that the Rhinatrematidae firstly diverged from the others, and the second was Ichthyophlidae, Typhionectidae was sister group of Caeciliidae (bs = 97).
In the Anura, the topologies were mostly identical between the MP and ML trees, except the location of some lineages, such as the Leiopelmatidae and Occidozyginae (Figs. 4, 5) . In Figure 5 , each family was supported as a monophyly (all bs > 98). The monophyly of the Neobatrachia (bs = 100) and Mesobatrachia get strong support, while the Archaeobatrachia is paraphyletic, better than polyphyly in MP tree. The Archaeobatrachia is firstly diverged, and then is the Mesobatrachia. In the Neobatrachia, the monophyly consisting of the families Hylidae and Bufonidae (all bs = 100) was firstly differentiated from the others, followed by the Microhylidae. The third monophyly of the Neobatrachia (all bs = 100) contained families Rhacophoridae, Mantellidae, Ranidae and Discoglossidae, but their relationships were uncertain because of the unstable location of the genus Occidozyga of Occidozyginae. The position of Occidozyga martensii, representing the subfamily Occidozyginae, is not firmly clustered with the other subfamily Dicroglossinae of the same family. In the Dicroglossidae excluding the Occidozyga, the relationships among six genera here were well resolved as ((Fejervarya (Euphlyctis, Hoplobatrachus) ), (Limnonectes (Quasipaa, Nanorana))) (all bs > 90).
In the Caudata, the monophyly of each of the eight families here was well supported in all trees (all bs > 80), and their relationships was well suggested as Numbers on branches represent bootstrap supports (1000 replicates). The numbers in circles behind some species means the mitochondrial genome types in Fig. 3 ; the mitochondrial genomes of the other species without circles belong to type 1. (Salamandridae ((Amphiumidae, Plethodontidae), ((Rhyacotritonidae, Ambystomatidae), (Sirenidae (Cryptobranchidae, Hynobiidae))))) in the ML tree (all bs > 70) (Fig. 5) , while only the monophyly (Sirenidae (Cryptobranchidae, Hynobiidae)) was strongly supported by the MP tree (bs = 83; Fig. 4 ). So we adopt the ML tree to interpret the relationships among families of Caudata as in Gymnophiona and Anura (Fig. 5) .
Discussion
Tandem duplication of the tRNA
Met genes Macey et al. (1998) Leu , tRNA Glu and tRNA Pro genes were also found to be copied in some amphibians ( Fig. 3; Appendix) . Within the Amphibia, the duplication of the tRNA Met gene was found in Nanorana pleskei in this study, and a similar discovery was made in Fejervaya limnocharis , F. cancrivora (Ren et al., 2009) , Limnonectes bannaensis , Quasipaa spinosa , Euphlyctis hexadactylus (Alam et al., 2010) , Hoplobatrachus tigerinus (Alam et al., 2010) , Occidozyga martensii (NC_014685) and Mantella (Kurabayashi et al., 2006) . Though the secondary structures of the tRNA Met gene and its duplication are similar in these species (Fig. 2) , there are two modes of evolution for this duplication, one of which is tandem duplication, as found in the Dicroglossidae, and the other is non-tandem duplication, as found in Mantella of Mantellidae ( Fig. 3; Appendix) . To date, the tandem duplication of the tRNA Met genes has been found only in the Dicroglossidae in the Amphibia, supporting the suggestion that the tandem duplication of the tRNA Met genes might be a synapomorphy of the Dicroglossidae. The sequence similarity between the tRNA Met gene and its duplicate is higher in Nanorana pleskei than in other amphibian species (Table 5 ) and may exhibit much higher function than in the other species. S-adenosylmethionine (SAM) is an important metabolite, and as a methyl group donor, it participates in many reactions. It is utilized in three kinds of key metabolic pathways, including transmethylation, polyamine synthesis and transsulfuration (Mathur et al., 1992 ; Shelly, The sequences of the tRNA Met genes of other species except Nanorana pleski were retrieved from other studies: Quasipaa spinosa ), Limnonectes bannaensis , Fejervarya limnocharis , F. cancrivora (Ren et al., 2009) , Mantella madagascariensis (Kurabayashi et al., 2006) , Euphlyctis hexadactylus (Alam et al., 2010) , Hoplobatrachus tigerinus (Alam et al., 2010) , Occidozyga martensii (NC_014685).
2000; Yu et al., 2003) . Its functions of conferring resistance to low temperature, strong drought and high salinity have been confirmed in many studies, in particular, in plants such as Glycine soja (Fan el at., 2008) , Populus deltoids (Wu and Liang, 2005) , and Oryza sativa (Frank el at., 1994) . Therefore, duplication of the tRNA Met genes may play a role in regulating the anabolic stability of SAM, which could take on an important function in N. pleskei, probably allowing this species to inhabit the harsh plateau environment characterized by low temperature, drought and high salinity.
Phylogenetic relationships
Our results support the monophyly of the living amphibians (Figs. 4, 5 ; Amphibia of Cannatella and Hillis, 1993) (Trueb and Cloutier, 1991; Zardoya and Meyer, 2000; Zhang et al., 2003b; Frost et al., 2006; Roelants et al., 2007) . The monophyly of the three orders, Gymnophiona, Caudata, and Anura, were also well supported (Figs. 4, 5) . Feller and Hedges (1998) proposed the relationships among the three orders as ((Gymnophiona, Caudata) Anura). However, the (Gymnophiona (Caudata, Anura)) relationships were supported in our ML and MP trees (Figs. 4, 5) , as has been proposed by the majority of morphology and molecular studies (Trueb and Cloutier, 1991; Frost et al., 2006; Roelants et al., 2007; Zardoya and Meyer, 2001; Schoch and Milner, 2004; . Thus, (Gymnophiona (Caudata, Anura)) might represent the true relationship.
Gymnophiona Our analyses showed that the Uraeotyphlus is a sister group to the Ichthyophis, in agreement with the conventional view supporting that the Uraeotyphlus was a member of the Ichthyophiidae (Frost et al., 2006; Gower et al., 2002; Zhang and Wake, 2009b) . Previous studies (Nussbaum, 1977 (Nussbaum, , 1979 Duellman and Trueb, 1986; San Mauro et al., 2004b; San Mauro et al., 2005; Frost et al., 2006; Roelants et al., 2007; Zhang and Wake, 2009b) showed that the Rhinatrematidae represented the monophyletic sister taxon of the remaining caecilians, including the Ichthyophiidae, Typhlonectidae, and Caeciliidae. The Scolecomorphus was clustered together with the Caeciliidae in all analyses (Figs. 4, 5) , an observation consistent with previous analyses based on DNA sequences (Wilkinson et al., 2003; Frost et al., 2006; Roelants et al., 2007; Zhang and Wake, 2009b; San Mauro et al., 2009 ) and morphological data (Wake, 1993; Wilkinson, 1997) . The position of the Typhlonectidae is uncertain in the two trees (Figs. 4, 5) ; it was clustered with the Rhinatrematidae at the base of the Gymnophiona in the MP tree (Fig. 4) , while it was imbedded in the Caeciliidae in the ML tree (Fig. 5) in consistent with the results of Zhang and Wake (2009b) . But the new work of Wilkinson et al. (2011) supported it as a family. Therefore, it is suitable to keep Typhlonectidae as the familial rank, for the time being, though the elucidation of the relationships among the families above requires additional evidence.
Caudata Our analyses supported the monophyly of each family (Salamandridae, Plethodontidae, Rhyacotritonidae, Ambystomatidae, Cryptobranchidae, Hynobiidae, Sirenidae and Amphiumidae; Figs. 4, 5) , consistent with previous studies (Frost et al., 2006; Roelants et al., 2007; Gao and Shubin, 2001; Larson and Dimmick, 1993; Wiens et al., 2005; Roelants and Bossuyt, 2005; San Mauro et al., 2005; Zhang and Wake, 2009a; Mueller and Boore, 2005) . However, on the relationships among these families, our MP and ML trees showed different topologies from previous work that suggested that the relationships among the eight families were (Sirenidae, (Hynobiidae, Cryptobrancjidae), ((Ambystomatidae, Salamandridae), (Rhyacotritonidae, Amphiumidae, Plethodontidae))); our analyses indicated that the relationships were mainly (Salamandridae (Amphiumidae, Plethodontidae, ((Rhyacotritonidae, Ambystomatidae), (Sirenidae (Hynobiidae, Cryptobranchidae))))) (Figs. 4, 5) . The phylogenetic relationships among families of Caudata requires further research.
Anura The phylogenetic topology of the 37 species investigated here was similar between the MP and ML trees (Figs. 4, 5) , and similar to those in some previous studies (Frost et al., 2006; Roelants et al., 2007; Roelants and Bossuyt, 2005; Zhou et al., 2009; Kurabayashi et al., 2010; Irisarri et al., 2010) , supporting the three suborders classification (Archaeobatrachia, Mesobatrachia and Neobatrachia). This also has morphological support (Ford and Cannatella, 1993) . Therefore, we adopted the suborder Mesobatrachia, which was represented by the family Pelobatidae here, though Ren et al. (2009) and Zhang et al. (2009) showed that the Archaeobatrachia including Pelobatidae was a monophyly, and did not adopt the suborder Mesobatrachia. Among the Archaeobatrachia, the Leiopelmatidae was indicated as the most basic clade of the Anura in our ML tree (Fig. 5) (Ford and Cannatella, 1993; Frost et al., 2006; Roelants et al., 2007; Roelants and Bossuyt, 2005) .
The Neobatrachia (Figs. 4, 5) has been supported by our work and previous studies (Frost et al., 2006; Roelants et al., 2007; Roelants and Bossuyt, 2005) . Within the Neobatrachia, the basal position of the group (Hylidae + Bufonidae) was consistently supported by our analyses and previous studies listed above. The Mantellidae were indicated close to the Rhacophoridae in different studies, and together formed as a sister group of the Ranidae (Frost et al., 2006; Roelants et al., 2004; Ren et al., 2009) ; while (Mantellidae + Rhacophoridae) is a sister group to (Ranidae + Dicroglassidae) in our results (Figs. 4, 5 ) and some published work based on analyses of complete mtDNA Zhou et al., 2009 ).
In the Dicroglossidae, Frost et al. (2006) supported the relationships ((Fejervarya, Nanorana), Limnonects), but our results strongly supported (Fejervarya (Nanorana, Limnonects)), an observation consistent with previous analyses based on 12S rRNA and 16S rRNA gene sequences (Jiang and Zhou, 2005) . Noticeably, previous studies (Frost et al., 2006; Roelants et al., 2007; Roelants and Bossuyt, 2005) indicated that the Occidozyga was clustered into the Dicroglassidae, but in our ML tree, the species Occidozyga martensii represented an independent lineage from the Dicroglassidae (Fig. 5) , and even in the MP tree, unexpectedly, it was clustered into the Mantellidae (Fig. 4) . More Occidozyga species are needed to recognize the position of this genus in the life tree.
Evolution of amphibian mitochondrial genomes
Mitochondrial genome arrangements may reflect phylogenetic relationships (Boore and Brown, 1998; Macey et al., 2000; Kurabayashi et al., 2006) . Many gene rearrangements found in amphibian mitochondrial genomes occur in a lineage-specific manner (Kurabayashi and Ueshima, 2000; Mabuchi et al., 2004; Kurabayashi et al., 2008) . In amphibians, the type 1 of mitochondrial gene arrangement is identically presented in most taxa of the Amphibia, as well as in many other vertebrates (Wolstenholme, 1992; Boore, 1999) , suggesting that this gene arrangement type is the common ancestral type of the Amphibia. Similarly, type 11 is the ancestral type of the Neobatrachia (Figs. 4, 5; Appendix). There are two types of mitochondrial genome (the types 2 and 3) endemic to the Gymnophionaboth are present in the family Caeciliidae, which is a top lineage in the phylogenetic tree (Figs. 4, 5) . According to the principle of cladistics, these two derived types lack parsimony information. Similarly, among the seven types endemic to the Caudata and the 14 types endemic to the Anura, the types 5, 11, 16, 17, and 20 are parsimony informative. The fact that there is no synapomorphy type of the mitochondrial genome shared by any two of the three orders indicates that the type of the mitochondrial genome cannot yet supply sufficient phylogenetic information to determine the relationships of the three orders, though they can support their monophyly. Based on the gene arrangements of the mitochondrial genome types (Fig. 3) and their distribution on the phylogenetic trees (Figs. 4, 5) , the arrangement of the LTPF tRNA gene cluster located upstream of the 12S rRNA gene (Fig. 3) is proposed to be a derived arrangement from the typical of vertebrates and to be a synapomorphic character of the neobatrachia, which experienced a single origin from the Archeobatrachia type (Figs. 4, 5 ). This has also been suggested by other studies (Ren et al., 2009; Zhang et al., 2009; ). In addition, the arrangement of the LTPF gene cluster is different in some taxa, such as in the Mantellidae and the Fejervarya of the Dicroglassidae. These two rearrangements of the LTPF are proposed to have evolved from the neobatrachian type and to have experienced two steps of evolution from the typical type for vertebrates.
In contrast, the arrangement of WANCY, another tRNA gene cluster, is conserved in most mitochondrial genome types of amphibians ( Fig. 3; Appendix) . The three rearrangements of this cluster, ACWANY, WAYNC, and WNCYA, are found in Siphonops annulatus (Gymnophiona: Caeciliidae), Batrachoseps attenuatus (Cau-data: Plethodontidae), and Hydromantes brunus (Caudata: Plethodontidae), respectively, but these three species are distinctly clustered in distant lineages (Figs. 4, 5) . Thus, it is proposed that the rearrangement of WANCY in these lineages should be of independent origins.
The duplication of the CR regions presents in Euphlyctis hexadactylus and Hoplobatrachus tigerinus supporting the common origin of these two genera (Figs. 3, 4, 5; Appendix) . However, this character also presents in Aneides hardii, Rhacophorus schlegelii and Mantella madagascariensis falling into distant lineages ( Fig. 3;  Appendix; Figs. 4, 5) . Thus, this character should be of independent origin for these distant lineages.
The ND5 gene was relocated to the 3' end of a control region in some mitochondrial genomes, including that of the Rhacophorus schlegelii ( (Alam et al., 2010; Appendix) . Conversely, an unusual loss of the ND5 gene was reported for the mitochondrial genome of P. megacephalus. Based on our phylogenetic results and previous studies (Kurabayashi et al., 2006 Ren et al., 2009; Zhou et al., 2009 ), the distinct relationship between (mantellids + rhacophorids) and the dicroglossinids indicates that rearrangement of the ND5 gene in these two lineages seems to have experienced an independent origin.
Based on the mitochondrial genome gene arrangements (Fig. 3) and their distribution on the phylogenetic trees (Figs. 4, 5) , the duplication of the tRNA Met genes presented in seven species of Dicroglossidae ( Fig. 3 ; Appendix) should be a synapomorphy of the Dicroglossidae, an observation consistent with other studies (Ren et al., 2009; Zhang et al., 2009; Zhou et al., 2009; Alam et al., 2010) . The similarity of the structure of each pair of tRNA Met genes in each species (Fig. 2) indicates that they should have similar functions. The mantellids also possess a duplication of the tRNA Met gene (Kurabayashi et al., 2006) , but the position of the duplicated tRNA Met gene, located after the ND5 gene, is different from that in the Dicroglossidae ( Fig. 3; Appendix) . Therefore, the duplication of the tRNA Met genes in the Dicroglossidae and mantellids originated independently. There were two hypotheses to explain the evolution of similarity between duplicated tRNA genes in the family Dicroglossidae. The first explanation suggests that in the first the family obtained the duplicated tRNA Met genes with low similarity, then the duplicated genes differentiated by mutation in different lineages, and then one derived lineage, Nanorana pleskei, got its high similarity by selection. The second explanation suggests that first the family obtained the duplicated genes, then the duplicated genes differentiated by mutation in all the species, and then one derived lineage, N. pleskei, "recovered" its similarity by selection.
